Abstract: Southern Switzerland has a long tradition of chestnut cultivation as a staple food. Local inhabitants constantly selected varieties according to the ripening period, the type of use, and the adaptability to the territory. As a result, the panorama of chestnut varieties is very complex, as reflected by more than 120 different variety names in an area of 26 000 ha. Since 1994, 47 varieties have been conserved in the chestnut germplasm of southern Switzerland (CSS), including Marroni, Euro-Japanese, and French varieties. A selection of 164 individuals from the CSS was analysed by 8 SSR markers (4 of which were developed in this study). Microsatellite analysis indicated that the CSS was accurately established, as 86% of the individuals grafted were correctly labeled. The identification of 98 genotypes, 10 clonal chestnut groups, 4 synonym groups, and 12 homonym groups reflected the complex ethnogeographical structure of the chestnut distribution. The 17 Marroni individuals considered clustered in 2 differentiated genetic groups instead of only 1 as expected. The fundamental problem of the frequent cases of homonymy and synonymy is discussed, as is the need for criteria for discriminating between polyclonal varieties and distinct homonymous varieties.
Introduction
European chestnut (Castanea sativa Mill.) is a species that has attracted the particular attention of man. During some historical periods in various regions of Europe, the cultivation of chestnuts became so dominant and indispensable for the survival of mountain populations that some authors do not hesitate to identify these cultures as ''chestnut civilizations'' (Gabrielli 1994) . In fact, the possibility of selecting different varieties and propagating them by grafting made chestnut an important source of food for many human populations. During the Middle Ages, chestnut growing assumed the role of staple food production in many mountainous regions of Europe, which resulted in an extreme differentiation of the product and of the cultivated varieties. The varieties could be distinguished by ripening period, by the type of use (fresh consumption, longterm storage, drying, flour, animal feed), or by the distribution (higher altitudes, lower slopes, ubiquitous, etc.). Later in some regions of Italy and France a particularly good-quality group of varieties called Marroni was selected and cultivated for commercial purposes. This, together with the fragmentary nature of the chestnut distribution across the European continent, gave rise to a very complex structure of chestnut culture (Conedera et al. 2004a) , marked by the existence of a considerable number of different chestnut cultivars (Pitte 1986; Conedera 1996) . Some authors report the existence of many thousand different varieties throughout Europe (i.e., Pitte 1986 ). Piccioli (1922) described more than 300 different varieties for Italy, Camus (1929) more than 250 for France, and Perreira-Lorenzo et al. (2001) more than 200 for Spain.
In southern Switzerland (Canton Ticino), the chestnut area covers 26 000 ha (Conedera et al. 2004b) . Chestnut cultivation and probably the tree itself were first introduced to the area by the Romans. The idea of growing chestnut for fruit production for primary subsistence, however, developed after the Roman period and can be associated with the socioeconomic structures of medieval times (Conedera et al. 2004a) . The need for a great differentiation within chestnut fruit production required a high number of varieties, which could be distinguished in terms of ripening period, fruit storage and conservation, and other traits. In the last decades of the 19th century, the introduction of alternative foods such as maize and potatoes and the progressive abandonment of chestnut as a staple food encouraged the introduction of the high-quality Italian Marroni varieties for commercial purposes. In response to the emergence of chestnut blight (Cryphonectria parasitica) in the area (1948) , an inbreeding program was started in 1950, which ended in the selection of 120 hybrid clones (Bazzigher's Euro-Japanese clones) supposed to display a certain resistance to the blight and now conserved in 19 different inventory stands (Bazzigher and Miller 1991) . Finally, in the 1980s French EuroJapanese or European varieties (Breisch et al. 1995) resistant to the ink disease (Phythophtora spp.) were introduced as potentially valuable germplasm for new plantations.
In the early 1990s Conedera et al. (1994) promoted an inventory of the existing chestnut varieties for fruit production in southern Switzerland (Canton Ticino). The inventory ended up with a list of 120 different traditional names referred to as chestnut varieties, and 47 of them could still be identified as living trees in the forest. Individuals belonging to those varieties were grafted and cultivated in 2 conservation sites (Selvalina and Cadenazzo, Switzerland) , while other individuals were conserved in the forest (in situ). In addition, specimens of the imported Marronis from Italy and of the imported French cultivars were also cultivated in the conservation sites. All in situ and ex situ conserved individuals make up the chestnut germplasm collection of southern Switzerland (CSS).
A great number of chestnut varieties have been defined in Europe since the beginning of the century following morphological evaluation (Lavialle 1906; Vigiani 1908; Breviglieri 1951; Valle 1959; Bergamini 1975) ; nowadays the advances in molecular biology techniques offer powerful new tools allowing conservation of the genetic resource, protection of the quality label of the commercial varieties (i.e., Marroni versus other chestnut varieties), and implementation of management strategies. The first markers used were isozymes (Sawano et al. 1984; Müller-Starck et al. 1994) , followed by random amplified polymorphic DNAs (RAPDs) . Some more recent studies employed microsatellite (SSR) markers (Botta et al. 1999 (Botta et al. , 2001 Buck et al. 2003; Marinoni et al. 2003) and inter simple sequence repeats (ISSRs) (Goulão et al. 2001) . The need for new, reliable SSR markers is always increasing, not only for cultivar identification but also for more accurate genome mapping (Casasoli et al. 2001; Barreneche et al. 2004 ) and QTL analysis.
Isoenzymatic ) and morphological Rudow and Conedera 2001) studies of the CSS so far have indicated the presence of synonyms and homonyms among the existing varieties. A more precise genotyping of the existing varieties, however, is needed to discriminate and identify the varieties, to validate the outcomes of the early studies, and to check the reliability of the CSS. The first goal of this work was therefore to develop additional microsatellite markers specific for Castanea sativa. Second, the newly developed SSR markers, supported by 4 microsatellites previously published, were used to verify the accuracy of the CSS and to determine the putative presence of clones, homonyms, and synonyms in the varietal panorama of southern Switzerland.
Materials and methods

Development of C. sativa microsatellite markers
Castanea sativa DNA was extracted from a 5 mg disrupted and freeze-dried leaf portion following the method of Aldrich and Cullis (1993; CTAB method) . Approximately 20 ng of extracted chestnut DNA was used for SSR development. Ninety RAPD-PCR amplifications of C. sativa DNA were carried out using 90 arbitrary decamers (Operon Technologies). RAPD-PCR amplification was carried out in a total volume of 11 mL containing 1 mL of each RAPD primer (final concentration 0.3 mmol/L) plus 10 mL of reaction mix (0.1 mmol/L dNTP, 1.5 mmol/L MgCl 2 ), 20 ng of chestnut DNA, and 0.7 U of Taq polymerase in 1Â PCR buffer (Pharmacia Biotech, Uppsala, Sweden). Amplification conditions were as follows: 2 cycles of 30 s at 94 8C, 30 s at 36 8C, and 2 min at 72 8C; 20 cycles of 20 s at 94 8C, 15 s at 36 8C, 15 s at 45 8C, and 2 min at 72 8C; and 18 cycles of 20 s at 94 8C (after each cycle 1 s more), 15 s at 36 8C, 15 s at 45 8C, and 2 min at 72 8C (after each cycle 3 s more). After the 40th cycle, a final extension step of 10 min at 72 8C was performed. Five microlitres of each RAPD reaction was separated on a 1.5% agarose gel to check for successful amplification. The remaining 6 mL of each RAPD reaction that generated at least one sharp amplicon were pooled and the mixture was purified by means of the Wizard 1 SV Gel and PCR Clean-Up System (Promega, Madison, Wisconsin) following the manufacturer's instructions. The purified RAPD fragments were ligated to 5'-phosphorylated adapters (CateLong, 5'-TGGAATTCTG-GACTCAGTGCC-3'; CateShort, 5'-GGCACTGAGTCCA-GAATTCC-3'). From this step on, the protocol described by Tenzer et al. (1999) was followed. Briefly, the fragments were enriched for (TC) n and (AC) n repeats. Enriched fragments were amplified by PCR using CateShort as a primer. The DNA fragments were ligated into the pCR 1 2.1-TOPO 1 vector and One Shot 1 TOP10 cells were transformed using the TOPO 1 XL PCR Cloning Kit (Invitrogen, Carlsbad, California). Ninety-five colonies were randomly picked out from the hundreds obtained after transformation. To screen the E. coli library for the presence of SSR-containing sequences, 2 PCRs per colony were performed. In the first PCR, M13 forward, (TC) 10 , and (AC) 10 were used as primers, while in the second PCR, M13 reverse, (TC) 10 , and (AC) 10 were used as primers. The inserts of the colonies showing an amplification product were first amplified with M13 universal primers and then sequenced on an Applied Biosystems 3100 sequencer (Applied Biosystems, Foster City, California) using the ABI PRISM 1 dye terminator kit. Microsatellite sequences were compared with sequences in the GenBank database using MegaBlast (Altschul et al. 1997) . Primer pairs were designed on the SSR flanking regions.
The specificity and reliability of the primer pairs were tested on 15 of the 164 chestnut samples used in this study. DNA was extracted from 15 surface-sterilized chestnut leaf portions (0.5 cm 2 ) using the CTAB method described before. PCR reactions were performed with radioactively labeled forward primers of each locus. Radioactive PCR was performed using 5 mL of 1:4 diluted DNA (not quantified) and 5 mL of PCR mix. The PCR mix consisted of 2Â reaction buffer, 0.2 mmol/L of each dNTP, 0.4 mmol/L each of forward and reverse primers, and 0.7 U of Taq Polymerase (Amersham Biosciences). One sixth of forward primer was end-labeled with [g-33 P]ATP (Amersham Biosciences) using a T4 polynucleotide kinase (USB Corporation). PCR was performed under the following conditions: 5 min at 96 8C, 40 cycles of 30 s at 96 8C, 30 s at 60 8C, and 50 s at 72 8C, and a final extension of 10 min at 72 8C. The allele size was determined by loading the PCR products next to a 33 P-3'-labeled 30-330 bp AFLP DNA ladder (GIBCO BRL) on a polyacrylamide gel (National Diagnostic) as described by Tenzer et al. (1999) .
Sampling of the CSS individuals
In June 2005, 2 cm 2 to 4 cm 2 of leaf material was collected from the following 164 individuals ( Leaf material was stored in deep-well blocks (MachereyNagel, Düren, Germany). Each individual in the CSS was coded by the traditional name (for instance, Campascia), the original in situ tree label (BOD02), and, if a graft in a conservation site, by the conservation site abbreviation (SEL) and the tree number (167), resulting in ''Campascia BOD02 SEL167'', for example. Chestnut leaves were freeze-dried overnight directly in deep-well blocks and disrupted using carbide beads (QIAGEN, Basel, Switzerland) in an MM300 homogenizer (Retsch, Haan, Germany) according to the manufacturer's instructions. Disrupted leaf material was stored at -20 8C prior to DNA extraction.
Genotyping of chestnut samples of the CSS
Total genomic DNA was isolated from 3 to 10 mg of freeze-dried leaf tissue using the CTAB method of Aldrich and Cullis (1993) . After extraction, DNA was diluted 1:4 and 2 mL was used for microsatellite amplification. The PCR mixture consisted of a final volume of 12 mL with the following reagents: 0.1 mmol/L dNTP, 1.5 mmol/L MgCl 2 , 0.2 mmol/L of each microsatellite primer, and 0.7 U of Taq polymerase in 1Â PCR buffer. The reaction conditions were a denaturing step of 94 8C for 5 min; 38 cycles of 94 8C for 30 s, 60 8C for 30 s, and 72 8C for 30 s; and a final step of 72 8C for 10 min. Eight nuclear microsatellite primer pairs were selected; 4 of them, CsCAT2, CsCAT14, CsCAT17, and EMCs22, were well characterized in previous studies (Buck et al. 2003; Marinoni et al. 2003) and their forward primers were 5'-labeled with 6-FAM, ROX, NED, and 6-FAM, respectively (Applied Biosystems). The remaining 4 primer pairs (OCI, OAL, RIC, and CIO) were developed in this study and were also 5'-labeled with fluorescent dyes (Table 2) . After PCR, amplicons from different loci were pooled on the basis of size or fluorophore. Two or three PCR products were combined after 5-fold dilution. Samples were prepared by mixing 1 mL of the diluted PCR pool with 10 mL of formamide and 0.2 mL of LIZ-500 ladder (Applied Biosystems). Microsatellite fragments were separated by electrophoresis on an ABI PRISM 3700 capillary sequencer (Applied Biosystems). Chromatographs were generated using GeneScan 1 3.7 software and microsatellite fragment lengths were scored with Genotyper 3.6 (Applied Biosystems).
Data analysis
The number of alleles, allele frequencies, and expected and observed heterozygosities were calculated with Identity 1.0 (Wagner and Sefc 1999) using the clone-corrected data set (98 individuals). The accuracy of the CSS was determined according to the genetic analysis of the 22 trees vegetatively replicated (grafted) at least twice, including 6 trees conserved in situ (Berögna LOD07, Buné negro CHI04, Buné bianch CHI11, Torcion negro TOR01, Rossera LOD06, and Verdesa GIO03; total of 59 individuals). Different SSR profiles within those groups indicated labeling, sampling, or grafting mistakes. All the erroneous (inconsis- tent) trees and all the replicates (clones) of the correct individuals were removed from further analysis. Homonym, synonym, and clonal groups were identified using an Excel spreadsheet (Microsoft). Individuals were defined as homonyms if they shared the same traditional name (for instance, all the individuals called Berögna; Table 1 ). Clones and synonyms could be identified after genetic analysis. Clones were defined as individuals sharing both a traditional name and a microsatellite profile. Individuals were designated as synonyms if they shared the same SSR profile but were denominated by a different traditional name. The software MSA version 4.5 (Dieringer and Schlötterer 2003) was used for calculating the genetic dissimilarity matrix (D SA , also defined as 1 -proportion of shared alleles (P SA ); Bowcock et al. 1994 ) and the software Populations (Langella 2001 ) was used to construct the neighbour-joining dendrogram. The last was visualized by means of the software Tree Explorer included in MEGA version 3 (Kumar et al. 1993) .
Results
Development of C. sativa microsatellite markers
Thirty-nine colony-PCR reactions showed 1 amplicon. After sequencing the corresponding inserts, we obtained 19 microsatellite motifs. Primers pairs could be designed on 8 chestnut sequences. Sequences of the 8 chestnut loci did not show any significant similarity with the sequences deposited in the NCBI GenBank. One primer pair did not amplify C. sativa DNA, while the remaining 7 primer pairs gave an amplification product. On polyacrylamide gels 1 or 2 amplicons per locus were unambiguously scored at 4 loci (OCI, OAL, RIC, and CIO) on the 15 samples considered, suggesting that the primer pairs amplify single loci. The remaining 3 loci were discarded because an ambiguous banding pattern impeded correct allele scoring.
Genotyping of chestnut samples
PCR reactions were 99.2% successful. Alleles were easily identified at 7 SSR loci, while particular attention was required for locus CIO, which showed single-base stuttering in the range 146-150 bp (5 alleles). The most polymorphic marker was CsCAT2, with 21 alleles and an observed heterozygosity (H obs ) of 0.89 (Table 3 ). The newly developed SSR markers showed from 6 to 10 alleles each and an H obs spanning from 0.67 to 0.79. Overall, 78 alleles were identified (on average, 9.75 alleles/locus). Ten chestnut samples were coded by alleles at only 7 loci because of an ambiguous allelic pattern at 1 locus, while 154 samples were identified by the complete allele set.
Accuracy of the establishment of the CSS
Microsatellite analysis confirmed that 17 groups of clones (out of a total of 22) including 44 individuals were correctly labeled (Table 4) . Three individuals were genetically different at more than 2 loci from the other members of their group (inconsistent replicates: SEL106, SEL222, and SEL123). The in situ conserved tree Buné bianch CHI11 showed a different SSR profile than its putative graftings SEL220 and SEL221. The two graftings SEL201 and SEL202, theoretically derived from Tempuriva ARG09, were genetically different from one another. The unavailability of proper Buné bianch and Tempuriva references did not allow distinguishing between erroneous and correct individuals. The genetic profiles of the 3 inconsistent replicates, the 3 Buné bianch individuals, and the 2 Tempuriva individuals did not match the profile of any other genotype in the collection, impeding their assignation to any particular genotype, and they were therefore discarded from the data set. Only one individual per correct genotype (20 in total) was used for the determination of clones, homonyms, and synonyms, while their 31 clones and the 8 inconsistent individuals were discarded. After removal of replicates and erroneous individuals, the data set consisted of 125 individuals representing 98 genotypes.
Clones, synonyms, and homonyms in the CSS
Microsatellite analysis allowed the identification of 10 clonal groups in the CSS comprising 32 individuals (Table 5 ). The largest group was Lüina (6 individuals), followed by Bouche de Bétizac and Verdesa (5 individuals each). Six other groups including 2 individuals each were also identified.
Four chestnut synonym groups including 15 trees were discovered. Two of them, Syn-2 and Syn-4, also encompassed the clonal groups 3 (Lüina) and 6 (Marradi), respectively (Table 6 ). The other 2 synonym groups included 2 varieties from southern Switzerland and 2 Marroni, respectively.
Twelve homonym groups including 70 individuals could be distinguished among the 125 chestnut samples (Table 7) .
Each group comprised at least 1 individual with a distinct SSR profile. The most heterogeneous groups are Campascia and Buniröö, showing a Shannon equitability index (E H ) equal to 1 and an average dissimilarity higher than 0.5. The largest groups are Torcion negro and Lüina, the former being more homogeneous than the latter. Torcion negro is the only major homonym group without a synonymous relationship; Lüina, Buné negro, Verdesa, and Chiusa Pesio each show 1 synonymous link (Fig. 1) . The hybrids and the wild C. sativa were not considered homonyms because they do not correspond to cultivated (e.g., grafted) varieties.
Genetic relationships among chestnut cultivars
The high genetic diversity among the CSS individuals was clearly depicted by the neighbour-joining dendrogram, which showed distinct clusters including the major autochthonous varieties, the Marroni, Bazzigher's hybrids, and the French-Japanese hybrids (Fig. 2) . The Torcion negro cluster included 10 of the 13 homonymous individuals, while the other 3 Torcion negro samples were scattered throughout the dendrogram. Similarly, the Lüina cluster included 9 of the 12 Lüina samples and a Buniröö (Syn-2), but the remaining 3 samples were displayed at 2 remote branches. The Verdesa cluster included 6 Verdesa and a Lanee, while the Buné negro cluster included 6 Buné negro and 2 heteronyms (Campascia and Verdesa).
The 6 French Euro-Japanese hybrids Bouche de Bétizac closely cluster with Bazzigher's Euro-Japanese selections (BEL01 to BEL08). The presumed oldest tree from the study area (Old 750 Sativa) is located close to the Lüina cluster but shows the highest proportion of shared alleles with Viusa (P SA = 0.75). The high-quality Italian Marroni 
Missing data
Ten chestnut individuals were coded with only 7 loci because of unclear banding patterns or missing amplification of the 8th locus. Comparisons in the CSS database allowed the following to be determined: (i) Campascia BOD01 SEL166 is identical to Barasgin VEZ23 SEL101 at 7 loci (P SA = 1), (ii) Torcion negro CAD05C is identical to the clonal group Clo-8 (Torcion negro; P SA = 1), (iii) Buné negro LOD11 shares 13 alleles with Campascia CAD15B (P SA = 0.93), (iv) Buné negro LOD13 shares 12 alleles with Buné negro CHI03 (P SA = 0.86), and (v) 10 alleles are communal between Campascia BOD02 SEL167 and Repiscen MIG11 SEL116 and between Cuneo CAD07C and the Marroni belonging to Clo-4 and Syn-3 (P SA = 0.71). Fewer than 10 alleles matched between Buné negro LOD12, wild C. sativa CON096, wild C. sativa SEL237, and Verdesa ARB08 and other individuals in the database.
Discussion
Development of C. sativa microsatellite markers
Nowadays microsatellite markers are universally employed in plant research, i.e., for genome mapping (Liebhard et al. 2002) , for detecting DNA polymorphism, and for genotype identification (Moravcova et al. 2006 ). Since 2003 a set of 46 microsatellite markers has been available for genetic research on chestnut varieties (Buck et al. 2003; Marinoni et al. 2003) . In this study 4 more microsatellite markers specific for C. sativa were provided. They were developed using a rapid technique based on the random amplification of 20 ng of chestnut DNA. This technique may be very useful in cases where the target organism is not available in large amounts, if it is not cultivable on agar plates (i.e., obligate biotrophic fungi such as downy mildews), or if the DNA recovery from leaf or root material is very poor (Pertot et al. 2007 ). The major hurdle of this technique is certainly the non-specificity of the initial RAPD-PCR that potentially co-amplifies epiphytic organisms or any other kind of biological contamination present in the starting material. To guarantee specificity to the target organism, the starting material should be surface-sterilized and the obtained SSR markers should be tested on a large panel of different target organisms.
The 4 SSR markers developed in this study showed from 6 to 10 alleles in the 164 samples analyzed. That is comparable with results of similar studies of hazelnut (Boccacci et al. 2006 : 16 markers, 6-13 alleles per marker, and 78 samples) or Portuguese chestnut cultivars (Costa et al. 2005 : 5 markers, 3-6 alleles per marker, and 92 samples) and with results for the other 4 SSR markers used in this study (4 markers, 4-21 alleles per marker, and 164 samples). Alleles of all markers were easy to score but particular attention was paid to locus CIO when the allele size difference between heterozygote individuals was 1 bp (for instance, allele 1 = 148 bp, allele 2 = 149 bp). At this locus, even if the SSR repeat was a (GA) n unit, a 1 bp stuttering in the range 146-150 bp was assessed. This may be due to an insertion/ deletion in the SSR flanking regions.
Accuracy of the establishment of the CSS
Duplicate accessions are very important in field genebanks because single individuals may be lost to disease epidemics or to natural senescence (Reed et al. 2004) . In field genebanks around the world, the number of replicates per accession varies among collections: 22 to 100 for grasses, 10 to 12 for sweet potato, 2 to 3 for trees and shrubs, 6 to 10 for herbaceous plants, and 3 to 20 for bananas. The CSS includes about 80 individuals conserved in situ and replicated ex situ (in conservation sites) and about 300 individuals conserved in the original forest (no replicates; a portion of them was analyzed in this study). In addition, the varieties originating from Italy and France (Bouche de Bétizac, Garrone Rosso, etc.) benefit from conservation and manage- ment activities in those countries (Breisch et al. 1995; Bounous and De Guarda-Bounous 1999) . In this study we used a scientific approach to verify the accuracy of the CSS and to identify existing labeling and replication errors. A potential source of error may be the incorrect labeling of new trees during replication work in the nursery or during transplantation at the conservation site. This may have happened for the two graftings assumed to derive from Buné bianch CHI11 and for the Tempuriva graftings SEL201 and SEL202. Unfortunately, labeling errors are not rare in plant breeding and examples can be found in the literature. In apple breeding, for instance, molecular markers identified inconsistencies in the genealogical tree of the cultivars Florina and Nova Easygro (Gianfranceschi et al. 1996; Vinatzer et al. 2004 ). In our case the combined use of the 4 new and the 4 published microsatellite markers highlighted genetic differences among replicates of the same individual in 8 cases out of 59, indicating an accuracy in the CSS of 86%. Labeling errors may also have occurred within small homonym groups showing a high genetic dissimilarity, as in Buniröö (D SA = 0.56), or with single individuals clustered in homonym groups (for instance, Lanee within the Verdesa cluster). Unfortunately the sample set analysed does not allow any definitive statement for the latter cases.
Clones, synonyms, and homonyms in the CSS
Besides the detection of existing errors in the labeling of single trees, genotyping of the chestnut individuals allowed the identification of 10 clonal groups and 4 synonymies, while 12 homonymies were determined a priori. Homonyms and synonyms were found in previous work on European chestnut diversity. Galderisi et al. (1998) , who investigated the chestnut cultivars in the area of Campania in Italy, found that variability among clones of the same cultivar did exist and that various cultivars could exhibit similar RAPD patterns. Similarly, Martin et al. (2005) confirmed cases of homonymy and probably also synonymy within Spanish chestnut varieties. They found only 2 cases out of 15 where variety denomination and SSR pattern agreed (cultivars Tomasa and Portuguesa).
Our study showed that only the varieties Berögna and Farin were genetically pure (Table 5 ). In one case, the synonymy indicated by the farmers between Campascia (CAD15B) and Buné negro was confirmed. Three groups, i.e., Torcion negro, Verdesa, and Lüina, showed 20%-30% dissimilarity among the 10-13 individuals considered. This indicates that for those varieties, the traditional cultivar denominations followed strict morphological characters and the variety names were reliably handed down over numerous human generations. Conversely, a lot of concern arises when considering the very heterogeneous homonym groups Campascia, Tempuriva, Tentosa, Chiusa Pesio, and Buniröö (0.44 D SA 0.56) and the synonym groups 1 (Buné negro / Verdesa) and 2 (Buniröö / Lüina). The finding of genetic divergence within homonym groups and clonality between individuals with different traditional names may be explained by the long historical background of chestnut culture in the study area (Lüina and Buné negro were already cited in medieval parchments dating back to the 12th century). Four factors may have contributed, singularly or in combination, to confusion in the classification of single cultivars. First, variety denomination mistakes may have occurred after the long period of cultivation and the subsequent abandonment of chestnut cultivation activities in the region: the prolonged lack of contact of former chestnut growers with their own trees, the scarce specific literature, and the level of oral divulgement with little scientific confirmation have also certainly contributed to increasing uncertainty about varietal denominations. Therefore, incorrect information about single trees may have been communicated by the old chestnut growers to the breeders during the inventory in 1994. A possible example of this is the mislabeled Verdesa CHI07, which proved to be genetically identical to Buné negro CHI04 (Syn-1) and very similar to 5 other Buné negro individuals. A similar conclusion may be drawn for the mislabeled Buniröö included in Syn-2 (6 Lüina individuals). Otherwise, labeling errors may have occurred during the inventory in 1994. Second, during vegetative propagation point mutations in the genome may have accumulated over time, creating a polyclonal population structure. For instance, Torcion negro RIV98 shows a single-allele difference with respect to clonal group 7 (2 Torcion negro individuals) and may be derived from it (or vice versa). The same issue is valid for Lüina TOR24 and Clo-3 (6 Lüina individuals). This phenomenon has already been documented for the grapevine varieties Pinot noir and Cabernet Sauvignon (Forneck et al. 2003; Moncada et al. 2005) . Third, in particular cases, such as for the variety Verdesa, genetic heterogeneity may be due to occasional sexual reproduction (Conedera 1994 ) among cycles of vegetative propagation. Sexual reproduction may have introduced to the population both intra-and extra-varietal alleles, as chestnut is usually self-sterile (Breviglieri 1951) . The finding of 2 individuals (CHI03 and CHI07) not clustered with other Verdesa representatives may be evidence of propagation by seed. Finally, the existence of homonymous varieties could simply be due to the very generic names used for variety denominations. For instance, the name ''Tempuriva'', literally ''early ripening'', was given to local varieties solely displaying an early phenology in fruit ripening but not necessarily sharing any Tables 5 and 6 , respectively, and the number of individuals included is indicated in parentheses. The two Marroni and four major autochthonous homonym clusters are shown. Syn-2 and Syn-4 include Clo-3 and Clo-6, respectively (Table 6 ).
other characters. This may explain why the two Tempuriva individuals analysed in this study shared approximately only half of the alleles. Alternatively, they may be ''brothers'' derived from seeds of the same mother tree.
The high heterogeneity within the Campascia, Tempuriva, Tentosa, and Buniröö homonym groups also calls into question whether the variety denominations are still reasonable or whether it would be better to consider them polyclonal varieties or even split the groups into distinct varieties. At this stage of the study, we may assume the existence of polyclonal varieties when genetically heterogeneous homonym groups include individuals that belonged to the same farmer and that were located in the same or adjacent communities (e.g., Tentosa, Campascia). On the contrary, heterogeneous homonym groups including geographically dispersed individuals should be considered different cultivars sharing the same name (e.g., Magreta, Tempuriva). In fact, as already stated by Müller-Starck et al. (1994) , genetic variability within a variety tends to be greatest for varieties with a wide but discontinuous distribution pattern. This problem remains unresolved and further research is needed, probably combining genotyping with other methodological approaches such as the analysis of morphological (flowering, burr structure, fruits, etc.) and phenological traits.
Genetic relationships among the chestnut varieties
Chestnut varieties from the study area showed a lot of polymorphism. Four main clusters may be distinguished, corresponding to the varieties Buné negro, Torcion negro, Lüina, and Verdesa. This result is in good agreement with the isoenzymatic analysis of Müller-Starck et al. (1994) and the morphological and phenological studies of Rudow and Conedera (2001) . According to Conedera (1994) , these varieties display throughout a typical tree habitus, allowing them to be easily recognised in the corresponding distribution area. This seems to suggest a strong correlation between genotype and phenotype. Nevertheless, 1 or 2 individuals belonging to the aforementioned varieties do not cluster with the corresponding group, possibly because of the occurrence of sexual reproduction in the past (Conedera 1994) .
The Euro-Japanese hybrids Bouche de Bétizac and Bazzigher's selections were clearly distinguished from the southern Swiss and Italian-European chestnut varieties, highlighting the usefulness of the molecular tools in detecting extra-European chestnut varieties.
The chestnut varieties producing high-quality fruits, including Marradi, Cuneo, and Villar Pellice, have historically been grouped under the name ''Marroni''. According to the Italian definition, Marroni varieties are generally considered to produce the most homogeneous and best quality product and have been cultivated only in Italy and a few areas in France (Pitte 1986; Bassi 1993) . In our study, the Marroni individuals considered clustered in 2 differentiated genetic groups instead of only 1 as expected (Fig. 2) ; the Marroni cluster 1 includes, among others, Marradi, Cuneo, and the debated Garrone Rosso (a chestnut variety with remarkable Marroni-like characteristics; Bounous and De GuardaBounous 1999) , while cluster 2 includes Villar Pellice and Viterbo. At this stage we are not able to provide any plausible geographical, historical, or commercial hypothesis to explain such a strange pattern. Six individuals of Chiusa Pesio are included in both cluster 1 and cluster 2, and 3 are not included in any cluster, which can also hardly be explained. Berögna is the south Swiss chestnut variety genetically closest to the Marroni group 1. This result is also quite surprising, as the trees of the variety Berögna are completely different from the Marroni from ecological (e.g., site requirements), morphological (e.g., tree habitus, fruit morphology), phenological (e.g., ripening period), and organolectic (e.g., chemical composition, taste of the fruits; Conedera 1994; Künsch et al. 1999; Conedera et al. 2001) points of view.
The microsatellite analysis proved to be reliable and suitable for the fine genomic profiling of chestnut individuals from southern Switzerland. It proved the abundance of clonality, homonymies, and synonymies in local denominations and it indicated that the varietal diversity in the study area is particularly complex, the number of genotypes being higher than that indicated by the knowledge of the farmers. In the future this study can be implemented using phenotypic markers to better distinguish between traditional polyclonal varieties and homonymies and for selection of genotypes suited for wood and food production.
